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Results

Microarray analysis of gene expression profiles in sWAT and BAT
Upon comparing the gene expression profile of murine sWAT and BAT using the criteria described in materials and methods section, of the 45101 probe sets present on the mouse genome array we identified 7003, 1176 and 401 probes showing greater than two-fold, five-fold and ten-fold change respectively which showed significant differential expression between sWAT and BAT (S1 Table) . Out of 7003 differentially expressed probe sets, 38.80% (2717) were highly expressed in BAT as compared to sWAT and remaining 61.20%(4286) showed higher expression in sWAT as compared to BAT. Of the 401 probe sets with ten-fold change, 113 were up-regulated in BAT and the rest were up-regulated in sWAT.
Top Differentially expressed genes in murine BAT include myosin heavy polypeptide 1 (Mm.422801) and uncoupling protein 1(Mm.4177) among several others (Table 1) . Top differentially expressed genes in murine sWAT include glycosylation dependent cell adhesion molecule 1 (Mm.219621), immunoglobulin heavy variable 14-2 (Mm.491093), immunoglobulin heavy constant mu (Mm.342177), FAS apoptotic inhibitory molecule 3 (Mm.46042) and DEAD box poly peptide 3 (Mm.446787), etc ( Table 2) . Genes differentially expressed in murine BAT along with absolute fold changes.
doi:10.1371/journal.pone.0127701.t001 
Comparison of differential gene expression (between sWAT and BAT) of mouse with human
Mouse is a key mammalian model system for studying complex human diseases and therefore it is necessary to investigate both the differences and similarities between mouse and human gene patterns, before extrapolation from mouse models to human systems. Hence, our study aims to investigate the interspecies (mouse vs. human) variation in gene expression between sWAT and BAT of human and mouse. First, we analyzed the already available microarray data of human WAT and BAT to identify their differential gene expression [17] . It was then compared with our murine data. The data submitted by Svensson et. al. (GSE27657) , when analyzed showed 506 probe sets having 2fold change, 30 probe sets having 5 fold change and 10 probe sets having 10 fold change (Data not included). Top 10 genes that were highly expressed in Human BAT (Table 3) and sWAT (Table 4) analyzed using the same statistical parameters are shown. Fig 1 represents a Venn diagram showing comparison between the two organisms. Comparative analysis of differentially regulated genes of WAT vs. BAT in human and mice based on gene symbols led to identification of 90 genes common to both. Of these 90, 46 genes had similar expression profile in both organisms, with 13 genes specifically expressed Genes differentially expressed in human WAT with absolute fold change.
in BAT, such as UCP1, FABP3, etc. and 33 genes in WAT, such as LEP, IGF1, ENNP1, BCL2 etc. (Tables 5 & 6) . Interestingly, there were 44 genes that showed opposite pattern of differential expression such as Kcnb1 (Mm.46181), Irx5 (Mm.101153), Bdh1 (Mm.293470), Slc25a16 (Mm.374557) ( Table 7) . 
Gene Ontology and Gene Set Enrichment Analysis
Gene Ontology of 50 differentially expressed probe sets up regulated in BAT and WAT were reviewed separately. 71 GO terms associated with BAT expression and 104 GO terms associated with WAT expression were identified. The input list was limited to 50 to identify GO terms associated with functions of the specific tissue. Of the BAT specific GO terms, lipid associated genes (GO:0015908, GO:0015245, GO:0010876, GO:0006869) were highly significant. Of the WAT specific GO terms, immune system activation associated genes such as B cell activation (GO:0042113, GO:0019724, GO:0019815, GO:0050853), T cell activation (GO:0042110, GO:0031295, GO:0030217), lymphocyte activation (GO:0046649, GO:0031294, GO:0030098, GO:0002449) and inflammatory response genes (GO:0002438, GO:0002675, GO, 0002866) were highly significant (S2 Table) . Common genes that are up-regulated in WAT of human and LACA mouse along with their absolute fold change. Gene set enrichment analysis on 2 fold change probes resulted in 52 gene sets (p0.1) using Pathway Studio 9.0. Adipocytokine signaling, a cell signaling pathway, had 266 measured genes including Fabp3, Slc27a2, Rxrg and Aco2. Fatty acid oxidation, a cell signaling pathway, had measured 31 genes including Cptb1 and Cptb2 among several which co-relates to the PPAR signaling pathway described later. Other prominent pathways identified include T-Cell NF-κβ signaling (Cd28, Cd22, Nfkb1 and Nfkb2), glucose metabolism (Fbp1, Pdha1, Eno2 and Eno3), tight junction assembly pathway (Myh1, Myh4, Jam2) (S3 Table) Multi-Omic pathway analysis
Multi-omic analysis of probe sets differentially expressed greater than 2 fold, human and mouse revealed 24 pathways common to both human and mouse models (P0.1, Minimum match 1). Certain genes symbols having more than one alias while performing same or similar function would be missed in a manual search, yet we identified based on such a pathway analysis algorithm, which took this factor into account. Some of the significant pathways common to both organisms include adipogenesis (WP447_42781), PPAR signaling pathway (WP2316_53110), Fatty acid β-Oxidation (WP1269_41314) (S4 Table) . PPAR signaling is highly significant in the mouse model as they behave similar to human model in adipocytes as seen in Fig 2. Slc27a2, a receptor on the cell is upregulated in both mice and humans as well as Fabp3, a lipid transport protein. Specific to adipocytes, Rxrg seems to play an important role in BAT, through adaptive thermogenesis, gluconeogenesis and lipid metabolism. Genes Fabp3, Cpt1b, Ucp1 and Gyk show similar expression in BAT of both organisms. Adipogenesis throws light on various genes that perform similar functions, such as growth factor IGF1, that contribute in differentiation of preadipocytes into mature adipocytes (S1 
Multi-Array gene expression and regulation analysis
Out of the 13 BAT specific genes, 9 probe sets which represented 4 genes were identified which were highly expressed only in BAT while showing relatively low expression in all other tissues types (S3 Fig). The analysis revealed Aco2, Ebf2, Kcnk3 and Ucp1 are promising targets for gene manipulation in WAT to convert to BAT ("Browning") having little effect on other tissues of the host.
Out of the 33 genes specific to WAT, 3 probe sets representing 3 genes were identified which were highly expressed in adipose tissue of mouse. S4 Fig reveals certain differences between other species of mice against LACA mice with genes specific to LACA WAT being expressed across adipose tissue of other species of mice. Common genes that show opposite expression in human and mouse along with absolute fold change in both organisms.
Multi-Array transcription factor regulation analysis
93 BAT specific factors and 213 WAT specific ones of LACA mouse were identified. Increased expression of Zic1, Olig1 and Nfe2l2 was observed in LACA mouse.
To study the expression pattern of the 93 BAT specific transcription factors above mentioned in human samples, the said genes were input into Genevestigator which generated 235 probesets for analysis, based on linear expression pattern. Since Genevestigator does not possess Human BAT data, BAT specific genes were looked for expression in WAT to identify adipose tissue preferential expression (S5 Fig) .
Validation of microarray data using quantitative PCR
In order to validate the differences observed in gene expression between BAT and WAT in microarray analysis, quantitative PCR was performed to verify selected differentially expressed genes highly expressed in BAT (Fabp3, Ucp1, Slc27a2, Cox7a1, Cidea, Pgc1α, Pparα), highly expressed in sWAT (Ms4a1, H2-Ob, Bank1) moderately low expression in BAT (Pgk1, Cox6b1, Pparγ, Rxrg) and moderately low expression in sWAT (Slc20a1, Cd74). The qRT-PCR measurements confirmed the microarray data. Although some variation was observed in mRNA expression levels for these genes but the trend was highly consistent between the two methods, suggesting the reliability of microarray data. (Fig 3) .
Discussion
The current study establishes the differential expression of genes in BAT and sWAT of LACA mice, involvement of multiple pathways differentially expressed in these tissues while critically correlating the differential expression of highly expressed genes in mouse with humans. C57BL/6, among others, is a popular mouse model animal for high fat diet induced obesity studies [19] . On the other hand, not much has been explored about LACA mice for their potential for obesity and diabetes studies. A comparative analysis of gene expression patterns of C57BL/6 and LACA mouse revealed LACA mouse give certain advantages when studying certain pathways or phenotypic developments over C57BL/6 mice. Human adult BAT contain "Beige/Brite" phenotype while current models show classical brown phenotype [20, 21] . There is a need to explore animal models that resemble human characteristics for greater relevance of therapeutic procedures in part or in whole. LACA mice can provide advantages against C57BL/6 when studying genes such as Zic1 or Olig1 or their associated pathways, which can be explored clinically as alternative strategies for the treatment of obesity and associated co-morbidities. Further, the study would help the scientific community identify target genes or pathways that have potential to have similar effects clinically. We believe this would save much in research costs and efforts. The study concludes with a list of genes which should or should not be targeted in murine studies in order to have greater clinical relevance.
Murine BAT and WAT showed differential expression (7003, 1176 and 401 genes showing greater than two-fold, five-fold and ten-fold change respectively) in several genes which is understandable when we look into the functional, physiological and anatomical differences between these two types of adipose tissues. Presence of multiple small fat droplets (multilocular), very dense mitochondria [22] , abundant blood and nerve supply [23] [24] [25] are characteristic of BAT, differentiating it from WAT. Their thermogenic potential has been attributed to the abundance of mitochondria in these cells which uncouple fuel oxidation from ATP generation. This is caused by the presence of uncoupling protein in the inner mitochondrial membrane of these cells and results in generation of heat and expenditure of large amounts of chemical energy [26] . In our study, mitochondrial Ucp1 was 190 times over-expressed in murine BAT as compared to sWAT. Critical analysis of our data suggests that the genes responsible for mitochondrial activity, encoding of multiple mitochondrial enzymes and other proteins are abundantly expressed in murine BAT whereas genes primarily related to tissue inflammation and immunological changes are several fold higher in sWAT suggesting that mitochondrial/metabolic processes specifically occur in BAT whereas inflammation related processes are prominent in sWAT. Our results are in accordance with earlier reports where in-situ microarray analysis as well as empirical qRT-PCR based studies have been used to better understand the gene profile of adipose tissues [6, [27] [28] [29] [30] [31] .
Using Gene Ontology (GeneSpring GX 12.1), GSEA (Pathway Studio Version 9.0.246.1071) and Multi-omic pathway analysis (GeneSpring GX 12.1), we have listed pathways involving differentially expressing genes in these tissues. While Gene ontology clarified GO Terms associated with BAT and sWAT of LACA mouse, reiterating sWAT was "inflammatory and immunologically active", while BAT being metabolically active (S2 Table) . GSEA of LACA mouse adipose tissue revealed multiple metabolism related pathways including fatty acid oxidation, glucose metabolism, Igf1r-Cebpa/Foxo1a signaling, adipocyte signaling along with NK Cell activation, various T-cell receptor signaling pathways are significantly regulated while analyzing sWAT genes with BAT genes showing 2 fold or more differential expression change in these two tissues (S3 Table) . It is clearly understood here that BAT is more metabolically active than sWAT which is well supported by numerous studies over the years [32] [33] [34] . Multi-Omic comparison between LACA mouse and human adipose tissues revealed pathways common to both species, but may differ in expression profiles (S4 Table) . Fig 2 represents multi-omic PPAR signaling pathway genes which showed similarities and differences between the two species. Targets such as Slc27a1, Fabp3, Ucp1, Rxrg are expressed similarly in both species while Hmgcs2 is has an opposite expression. While Leptin-Insulin overlap pathway shown in S2 Fig shows possible mechanism of signaling in both organisms, though their expression profile describes otherwise. These results are also in accordance with existing literature [35] .
We speculated that there may be significant species specific differences in mouse and human differential gene expression in BAT and WAT as observed in the multi-omic adipogenesis pathway (WP447-42781). Various factors were identified that showed differential expression in LACA mouse (Creb1, Pgc1α, Stat1, Lpin1), while few were associated with human (S1 Fig). We decided to use data from a previously published study; analyzed and compared it with our murine data to find out the extent of species related differences [17] . The data used was submitted by Svensson and colleagues (GSE27657), which compared the microarray expression profiles from UCP-1 positive BAT samples with UCP-1 negative sWAT samples from same patients [17] . In our analysis we used data from this study available in public domain. We differentially compared the genes expressed in these two types of tissues and identified that there are 506 genes which are differentially expressed (2 fold) in these two types of tissues. It has been established for a while that the presence of metabolically active BAT in rodents has been known and its molecular characterization, genetic fingerprinting and comparative profiling with WAT in rodents is well studied. Whereas, only recently has metabolically active BAT been demonstrated in humans. It is difficult to obtain human classical BAT samples from adult humans which do not show "Brite/Beige" characteristics [21] . Murine BAT tissues, on the other hand, show classical BAT characteristics throughout their lifetime [20] . Next, we selected the 506 genes differentially expressed in human BAT and WAT and tried to find out how many were expressed similarly in mice. In total 90 genes were common in murine and human data, out of which 46 showed similar differential expression pattern. Important genes highly expressed in BAT as compared to sWAT (total 13 genes) both in mice and human are Uncoupling protein 1 (mitochondrial, proton carrier) (UCP1), Fatty acid binding protein 3-muscle and heart (FABP3), Creatine kinase, mitochondrial 2 (CKMT2), Aconitase 2, mitochondrial (ACO2), Ubiquinolcytochrome c reductase core protein 1 (UQCRC1), Pyruvate dehydrogenase e1 alpha 1 (PDHA1), Cytochrome c oxidase subunit v A (COX5A) whereas important genes highly expressed in sWAT as compared to BAT (total 90 genes) in both mice and human are Dermatansulfateepimerase (DSE), Vestigial like 3 (drosophila) (VGLL3), Fibroblast growth factor 13 (FGF13), Extracellular matrix protein 1 (ECM1), Insulin-like growth factor 1 (IGF1), Tubulin, beta 2a class ii a (TUBB2A), Glypican 3 (GPC3) etc. Further analysis revealed that, the genes involved in mitochondrial and metabolic functions are highly expressed in BAT whereas ones which are involved in immune system and inflammatory activity are highly expressed in sWAT, which is in accordance with existing literature. More importantly, there were 44 genes which showed opposite expression in mice and human. Genes like Adrenergic receptor kinase, beta 2 (ADRBK2), Phosphodiesterase 4d interacting protein (myomegalin) (PDE4DIP), Potassium voltage gated channel, shab-related subfamily, member 1 (KCNB1), Very low density lipoprotein receptor (VLDLR), Heat shock protein family, member 7 (cardiovascular) (HSPB7), Apoptosis-inducing factor, mitochondrion-associated 2 (AIFM2), Carboxypeptidase m (CPM), Chemokine (c-x-c motif) ligand 14 (CXCL14) and Flavin containing monooxygenase 1 (FMO1) which showed greater expression in murine BAT than sWAT but in human the trend was reversed and higher expression was seen in WAT as compared to BAT. Other genes like Forkhead box c2 (FOXC2), 3-hydroxy-3-methylglutaryl-coenzyme a synthase 2 (HMGCS2), Angiotensinogen (serpin peptidase inhibitor, clade a, member 8) (AGT), and Sortilin-related receptor, ldlr class a repeats-containing (SORL1) were highly expressed in WAT as compared to BAT in mouse while the trend was opposite for human data. So, researchers should avoid using these targets or their pathways when working on understanding their role in conversion of one form of adipose tissue into other i.e. adipose tissue engineering. Particularly, the inter-species differences among important genes such as Adrbk2, which is known to phosphorylate agonist-occupied beta-adrenergic and GPCRs. Several unsuccessful experiments were carried out to activate thermogenesis in human BAT using beta3-adrenergic receptor [36] [37] [38] . Voshol et. al. reviewed various studies used Vldlr as a target for genetically engineered rodent models [39] , but this gene shows little expression in humans. HMGCS2, a gene often studied in hepatic tissues, whose differential expression in human BAT were validated by Svensson et. al. while its differential expression is significantly higher in sWAT in LACA mouse. Vilà-Brau et. al. suggests the gene regulates mitochondrial fatty acid oxidation in human cell line, hep-g2 [40] . Such interspecies differences warrants more attention as they have a role in adipocyte biology and can easily draw interest of scientific community to look into them. In general, rodent studies involving these genes warrant caution as extrapolation of these to human will be questionable. When we performed group enrichment analysis on these genes, most common gene sets were G-protein coupled receptor protein signaling pathway (e.g. Gpr34, Ptger3, Gng2), signal transducer activity (e.g. Ckmt2, Cdkn2b, Mobkl2b), kinase activity (e.g. Gpr34, Ecm1, Wls), cell adhesion (e.g. Fat1, Spon1), ATP binding (e.g. Ckmt2, Enpp1), extracellular space (e.g. Ecm1, Igf1, Spon1).
Our manual analysis co-related with the data provided by Genevestigator. A majority of gene expression in murine BAT showing opposite expression, was checked for in C57BL/6 mice and Humans. Genes such as ACVR1C, ASPH, FMO1, PYGL, SIK2 and SLC24A3 were highly expressed in murine BAT (S6 Fig), while their expression were up-regulated in human WAT ( S7 Fig). This suggests that one needs to be cautious when targeting these genes for gene modification studies in mice as the results of animal studies may significantly differ from those of clinical trials. The variations between LACA mice and C57BL/6 (wild type) of certain significant BAT specific genes are summarized in Fig 4. Zinc family member 1 (Zic1) which is known to be a classical BAT marker [41] showed higher expression in LACA mouse. Oligodendrocyte transcription factor 1 (Olig1) whose role in obesity or adipose tissue is not well-studied, seems to play an important role in LACA mouse BAT. Neg2l2 (Or Nrf2) is a proposed target for the management of obesity [42] , where it is proposed to play a role in thermogenesis and prevention of lipid accumulation. Certain genetic differences between LACA mouse and other mice studied was also evident from the data, such as Nuclear Receptor Subfamily 4, Group A, Member 2 (Nr4a2) which is known to play a role in the regulation of thermogenesis in BAT among others [43] but is down-regulated in LACA mouse BAT suggesting an alternative mechanism for thermoregulation in LACA mouse. Several genes including ZIC1, OLIG1 and ESRRγ showed no or low expression in human WAT forms. Certain mouse BAT specific transcription factors showed high expression in human WAT such as EPAS1, THRSP, EBF1 and PPARγ. This reiterates the need for caution to be exercised when relating murine adipose tissue data with that of human.
In conclusion we have identified genes which are differentially expressed in murine BAT and sWAT of LACA and we show the inter species differences in the differential expression of genes in BAT and WAT. While we compared murine and human differential expression of two types of adipose tissues, we feel the present study is limited with respect to the number of common genes we found in two species. Multi-species studies should be carried out to understand the critical role played by various genes (their protein correlates) and their inter species differences.
Methods Animals
Laca mice weighing 25 ± 3g (Male, n = 4) were procured from Central Animal House Facility of Panjab University, Chandigarh (India). Animals were housed under standard laboratory conditions (temperature 22 ± 2°C; humidity 55 ± 5%), having free access to food (Hindustan Lever Products, Kolkata, India) and water along with 12 hour light and dark cycles. The research experiments were carried out as per the guidelines set up for animal experimentation by the 'Committee for Control and Supervision of Experimentation on Animals' (CPCSEA) and INSA (Indian National Science Academy) guidelines. All the experimental procedures were approved by IAEC (Institutional Animals ethics committee, Panjab University). WAT (Subcutaneous region) and BAT (Intrascapular) of the mice were dissected from each animal and further processed.
Microarray analysis
Total RNA was extracted from murine WAT (Subcutaneous region) and BAT (intrascapular) using ribopure RNA extraction kit (Invitrogen, USA) according to manufacturer's instructions. The quantification (total amount) and qualitative ratio metric analysis of RNA was done using Infinite M200 ProNanoQuant(Tecan, Switzerland). Integrity of the RNA samples were evaluated using 1.4% agarose gel. All RNA samples were found to be pure with no signs of degradation caused due to the extraction process. The entire microarray experiment was performed as per the protocol and guidelines provided by Affymetrix, Inc. (Santa Clara, CA). The microarray versions that were used in these studies were mouse 430.2.0 Affymetrix array. Briefly, firststrand of cDNA was generated from 500ng of RNA using a T7-linked oligo (dT) primer followed by second strand synthesis. Then, In vitro transcription was performed to synthesize aRNA incorporated with biotin-conjugated nucleotides and 15 μg of aRNA was fragmented prior to hybridization. The hybridized arrays were washed and stained with streptavidin-phycoerythrin using Affymetrix Fluidics Station 400 and finally scanned on Agilent GeneArray scanner. The microarray data is available on NCBI's GEO database (Geo accession: GSE67389).
Quantitative PCR analysis
Quantitative real time PCR analysis was done to validate the level of expression from microarrays for selected genes using SYBR green dye-based assay in the Applied Biosystems 7500 Fast Real-Time PCR machine as per protocol (Qiagen). Total RNA was purified as described above and 1μg of total RNA in a 20 μl reaction was reverse transcribed using single strand cDNA synthesis kit (Qiagen, USA) as per manufacturer's instructions. Relative expression of selected genes such as Fabp3, Slc27a2, Cox7a1, Ms4a1, H2-Ob, Bank1, CIDEA, FABP3, RxRg was determined by quantitative PCR (qPCR). Additionally Ucp1, Pparα, Ppargc1α (Pgc1α), Pparγ was determined by quantitative PCR (qPCR) using custom designed PCR Array (PAMM 049A, Standard Mouse RT2 profile PCR Array, SABiosciences, Qiagen, USA). The conditions for RT-PCR were: 95°C for 10 minutes followed by 40 cycles at 95°C and held at 60°C for 1 minute. All measurements were performed in duplicate. Gene expression was normalized by the mean of two genes, i.e. GAPDH and β-Actin while GAPDH and HSP90AB was used in the custom array for murine white and brown adipose tissues. Since the expression of these genes remain unchanged in BAT and WAT they were chosen as housekeeping gene (gene based selection). Data was analyzed as per protocols for ΔΔCt method. Custom array data was analyzed using web based software provided by SABiosciences, USA.
Microarray Data mining
DNA microarray data was analyzed using GeneSpring GX 12.1 software (Agilent Technologies) with the raw data files (.cel) of the Affymetrix Mouse chip imported into the software. RAM (Robust Multichip Averaging) algorithm was used to normalize the data where it was subjected to quantile normalization with median of all samples taken for baseline transformation. Gene expression profiles of murine WAT and BAT were studied by generating a differential expression list. The two parameters were subjected to paired student's T test statistical analysis where the false-positive event (p-value cut-off = 0.05) calculation done using asymptotic method on the normalized data assuming equal variances, incorporating Benjamini and Hochberg false discovery rate multiple-testing correction set at a rate of 0.05. The resultant list of genes differentially expressed between the two parameters were filtered to include only those that expressed absolute fold change by greater than two-fold, five-fold and ten-fold change.
Comparison of mouse data with human data
In order to identify the variation between human and mouse genes differentially expressed in WAT and BAT, the publicly available microarray data (GEO dataset GSE27657) of human WAT (subcutaneous) and BAT (peri-thyroid region) was first analyzed using GeneSpring GX 12.1 software (Agilent Technologies) in a similar way as mentioned above. Then, the number of differentially expressed genes in human WAT vs. BAT with greater than two fold change expression was compared with our data i.e. with genes differentially expressed in murine WAT and BAT manually (using gene symbols as reference) and using multi-omic pathway analysis (p 0.1, minimum match 1). Venn diagram was generated to highlight similarities and differences between the gene expression profiles of two species.
Pathway Mapping and Enrichment Analysis
Gene ontogeny was performed using GeneSpring 12.1 using top 50 individually expressed probe sets of murine BAT and WAT (differential expression fold change 20 ± 2) to study GO terms associated with BAT or sWAT specific tissues (Corrected P value 0.1).
Gene set enrichment analysis and functional annotation of genes was carried out using Pathway Studio software version 9.0.246.1071 on ResNet 9.0 Mammal database. Differentially expressed genes were mapped on available pathways in Pathway Studio. Pathways enriched with (List 1: LACA mouse sWAT vs. BAT 2 fold regulated genes; List 2: Human WAT vs. BAT 2 fold regulated genes) genes were identified by enrichment algorithm which deploys Fischer Exact test (P 0.1). An error margin of 10% was taken to include well known and documented genes in the gene sets.
Multi-Array gene expression analysis
Genes expressed in LACA mouse were investigated for their expression pattern across various publically available mouse microarray data using Genevestigator online tool using respective Affymetrix platforms (Mouse 430 2.0 Array, Human 133 Plus 2.0 Array) [44] . Genevestigator uses RMA for normalization with P0.1. Genes that were common to LACA mouse and Human data were first investigated for comparing similarities and differences between LACA and other mice studied upon from an obesity oriented perspective. The BAT or WAT specific list was input in Genevestigator, and the expression of these genes in known mouse models were looked into. Using linear and log 2 normalized expression, heatmaps and BAT/WAT relative fold expression in the data sets were analyzed and compared with LACA mouse data.
To study the expression pattern of transcription factors in adipose tissue, probesets expressed 2 fold were compared with the factors listed in the MTFDB (http://genome.gsc.riken.jp/ TFdb/). Transcrition factors in LACA mouse data was identified and compared using Genevestigator online tool. Heatmap was made using MeV software tool.
Statistical analysis
The differences in expression of genes between BAT and WAT were analyzed by paired student's t-test followed by Benjamini and Hochberg FDR corrections. P-values of 0.05 were considered statistically significant. GSEA and Multi-omic analysis was conducted at P-value cut off of 0.1 using default parameters. qRT-PCR data was analyzed using One-tailed unpaired t-test (Welch's Correction) (P 0.05) with Prism Graphpad. 13 genes that were highly expressed in LACA mouse BAT were looked into for expression pattern in C57BL/6 mice. 9 probe sets representing 4 genes (P0.1) were identified in the public mouse data available on Genevestigator using default parameters of log expression. The expression heatmap was organized based on highest to lowest UCP1 expression in various tissues, with red representing maximum expression while white representing minimum. (TIF) S4 Fig. WAT specific expression analyzed across tissues of mice. 13 genes that were highly expressed in LACA mouse WAT were looked into for expression pattern in C57BL/6 mice. 3 probe-sets representing 3 genes (P0.1) were identified using Genevestigator using default parameters of log expression. The expression heatmap was organized based on highest to lowest Sik2 expression in various tissues, with red representing maximum expression while white representing minimum. Table. List of gene sets enriched after analyzing the 2 fold differentially expressed probe sets. The p value cut-off for the list generated was set at 0.1 for selectivity of gene sets which are highly functional in either of the tissues. (XLSX) S4 Table. List of pathways identified in multi-omic analysis between LACA mouse and Humans. The table lists common pathways of differentially expressed probe sets of human and mouse at p <0.1, with minimum match of 1.
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